Memory kernels in linear stress-strain relations involving a Newtonian viscosity are identified by solving a class of inverse problems. The inverse problems are reduced to nonlinear Volterra integral equations of the first kind which in turn lead to corresponding Volterra equations of the second kind by differentiation.
Introduction.
In the linear theory of viscoelasticity for general materials with memory the constitutive stress-strain relation involves an integral term over the past history of the material containing a time-dependent kernel (cf. [13] - [15] ). For identifying such memory kernels inverse problems have been used starting with the papers by Grasselli, Kabanikhin, Lorenzi [4, 5] and continued, for instance, in Grasselli [2] , Lorenzi [12] and in our papers [8, 9] . In this paper we continue the investigations in [8, 9] to inverse problems for memory kernels in stress-strain relations involving a Newtonian viscosity term (see [15, pp. 21, 28] ). As in [8, 9] , by means of Fourier's method of eigenfunction expansion for the direct initial-boundary value problem, we reduce the inverse problem to a nonlinear Volterra integral equation of the first kind. Differentiation of it leads to a corresponding equation of the second kind. To this equation we apply the contraction principle in weighted norms obtaining global (in time) existence and uniqueness of the solution and stability estimates for it. This method has been applied to related problems first in Janno [7] and more generally in Bukhgeim [1] . In contrast to the "hyperbolic" cases dealt with in [8, 9] in the present "parabolic" case the needed assumptions are as weak as in the corresponding inverse problems for heat flow (cf. [10] ).
The application of the contraction principle to the Volterra integral equation of the second kind gives a basis for the numerical computation of the solution by the iteration method. For simplicity, in the following we only deal with continuous memory kernels in the generic "main case". Corresponding problems with weakly singular memory kernels can be dealt with as in [9] and [10] and additional cases to the main case as in [8, 9] . Further, as in [8] - [10] inverse problems with observation functionals containing the traction can be treated (see also Grasselli [3] ).
Problem
formulation.
We deal with the problem of identifying the continuous kernel m appearing in the linear parabolic integrodifferential equation
in Q = D x (0, T), where D is a bounded domain in R" with piecewise smooth boundary S, r/ > 0, (3 > 0 are given constants, p > 0 and \ are given continuous functions on Q, and A denotes the Laplacian.
In the case n = 1 Eq. (1) occurs for viscoelastic wave propagation in a material with memory governed by the stress-strain relation a(t,x) = r)£t(t,x) + /3s(t,x) -/ m(t -r)e(r, x) dr (2) J -OC between the strain e and the stress <r, where r\ is a Newtonian viscosity which we take as positive (for the case r\ = 0 see our papers [8, 9] ) and m is the relaxation memory kernel (see [15] , pp. 21, 28). Further, we have e = ux with the displacement u and, as usual, we assume u(x, ()e0 for t < 0.
The solution u of Eq. (1) should meet the initial and boundary conditions
u(t,x) = 0 or dvu + au = 0 on E = 5x (0,T),
where v is the outer normal to S and ip, tp and a > 0 are given continuous functions on D and S, respectively.
In the inverse problem we have to find m for t £ [0,T] from Eqs. (1), (3), (4) and, in addition, from a condition of the form Jo and the function x by
So, in the case A</? e 0 we arrive at a corresponding inverse problem for the smooth kernel (7) in a heat conduction problem which has been treated in [11] , Therefore, we assume Aip ^ 0.
In the following we consider the inverse problem for Eq. (1) as a particular case of the abstract problem 
B" (0) = ipn, Bn{ 0) = Vn,
where fn(t), (pn, 4>n are the Fourier coefficients of f(t), <p, tp, respectively, and * denotes convolution.
The problem (12) , (13) is equivalent to the Volterra integral equation for Bn,
where Ln[m\(t) = fj,n(ln (15) and ln are the solutions of
From (16), (17) 
where Re 6n > 0, and
By (11) the additional condition (5) takes the form
n= 1 provided the series in (21) is (pointwise) convergent. Using (14) with (15) the condition (21) is reduced to the nonlinear Volterra integral equation of the first kind Further, since the function sinhy/y is increasing for y > 0 and 0 < bn < an in the case of real bn we can estimate sinh6"i " ,sinh a"t 1
For imaginary bn we have | smhbnt/bnt\ < 1 which together with \ante~ant\ < 1/e yields a"e ant^_ Q?itsinh bnt <i.
Moreover, by (19)
Using (28)- (30) in (26), (27) as well as an = r)fin/2 and the inequalities
where p, is the first non-vanishing eigenvalue, we obtain (25). 
with the positive constant c = CqT.
We write Eq. (14) Using here (36) and (37), we derive the inequality ||An||CT < Midlm1 ||ff, Hm2^)!!^IKUm1 -m2||CT + ||$* -$2||} (38) with a continuous and nondecreasing function M\.
To obtain an analogous inequality for the derivative A" we observe that Bn also satisfies Eq. (14) 
and x = (1 /a)g{3).
By Corollary 1 in [10] , Eq. (52) has a unique solution for any x G A if G is an operator in E satisfying the condition
for a > 0 and for every mi,m2 € E, where M is a continuous function from into R+ increasing in each of its arguments, and L is a bilinear operator from E x E into E such that the inequalities Jo a implying (56).
The proof of the applied Corollary 1 in [10] uses the contraction principle in a scale of norms ||m||CT for sufficiently large a. Therefore the method of successive approximation can be used for calculation of the solution m to Eq. (47). Theorem 2 is proved.
Finally, by Lemma 4 in [10] using the estimation (33) for general da, a = 1,2, we can prove the following stability theorem (cp. Theorem 2 in [10] ). with |d|0 given by (34).
